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(57)Abstract: 

PURPOSE: To cut down the resistance component in a 
drift region by a method wherein the first conductivity 
drain drift region in the higher impurity concentration 
than that equalizing voltage with the element breakdown 
voltage assuming the diffusion junctions are formed on 
the sidewall surface layer of a trench. 
CONSTITUTION: A drain drift region 102 e.g. in the 
surface impurity concentration of 1.1 X 1017cm-3 and 
the diffusion depth of 0.3jim is formed on the inner 
surface of a trench 105 on an epitaxial substrate 
surface. In the off state, a depletion layer extends from 
the pn junctions between p base region 103/n drain drift 
region 2, between the n drift region 102/p impurity layer 
ill as well as between the p impurity layer 1 UAH- 
substrate 101 so as to fill up the n drain drift region 102 
and the p impurity layer 111 with the depletion layer at 
the lower voltage than the element breakdown voltage. 
Thus, the positive and negative fixed charges in both 
regions are balanced to relieve the field for realizing a 
high breakdown voltage. Accordingly, the ON resistance in the n drain drift region 102 can be 
cut down while sustaining the high breakdown voltage. 
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[1W1 S1MI SFETO*>»R©fiJ(SB5. 

[tf?J5£] n+U-^H/-M0 1±l:pIT«iftil 
1 1 *WJiLfc*S<0«H^& hU>^ 1 0 5 Sr»rit 
U 8Stlfcft»l 1 SO-LBRlCp^— *<fi«l 0 3. 

10 5 tf>i3UJi£lC nKW>H'J7KB«102 £J£j£-f 
So hU>f 1 0 5<Drt®tC^ffiLfcp^<— Xffitl 0 
3 0SffiJLJcy-hKfbKl 0 6ft^l/Ty-HIl 
0 7£KH\ n+V-^(B«10 4±l:V-XtI10 
8, n+it^XhU-hl 0 1 0BB51C K U-f >ffiffi 1 
0 9 «tt#fc#|»£-r*. nKK> K 'J 7 1 0 

2 p H^FWttJi 1 1 lK*LTH*fc*. HCBE^ 
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1 

tKfflhU^M I SFET. 
[SS*^2] Mi-W«ffl¥«#<0«B±K:»JSS*lfcS(i 

§B^-XJBO*BKWftLTy- HfigRS^LT h U 

SV-Xfl.!:, SB— *«S¥»#<B«BK:»tt-rs F 
<Z)«S! h 1/ >^M I S F E To 

(ommm^zm^nrz^-mmmmmmmt. m~mm 

l*«ffly-X«tt£* ^-itiV-X®«i:|g-8« 40 

■rzm&mi \zmn<Dmmhu>^u i sfet. 



2 

anfc*-w«sv-x«*t; j8-«*say-*«« 
<nmm^mrt%ntzm-mmm¥mi*mmzm'?z> f 
u>^t. *<Dhu>rtemzn&Ltzm-mmm^»k 
®m<Dmmm\zMj&2ntzm-mmm®mmmt. 

^ftaic«*-rsy-^«at, Fu>^rt<&*-©te(B 

1 JwBB«E<7)«a! F 1/ >^M I SFET. 

*Mza-r* hu>^<h> asnfc»«o>±S5^«ritsn 
o*B»a)-»^»j«snfcjB— w«aiy-^««t. 

ss— *«s^-x«tto*B^*ajc»«-r*y-x« 

at, 8-»tfi*8#o«iBi:ttlllt S H ^ >M 
:t»«tt ^faSJFU-^M I SFET. 

*<DlR-*«S!^--X)iO*BJi«)— »ic»j*snfc>s 
t, -t^hU^rtBJCitUll/fcjB— »«ffi!HU-f > F 

U 7 ma>T»o*B»K:»j«Stifclll— w«ffl«««i 

hU>^rtB»C»tBUfcJB-W«fflHU-f >HU 
77 FJitf>±g&£>SlB<h K U>^rtB^«tBL/fc*— * 

hu>5 L rticK^en^y-h«at, hu>5 L rto j e 

©aBtfB— *«9I^— ^■©*B«fflffit»c*a»ctt 

»t4v-7tit, *«s¥s»ffoaB*c«*-r 

IB*fc<&«S hU>^U I SFET. 

(D—mzMf&znrcm-mnm^-xmmt* 
#«ai^— ^««©jSBa©-»»c»j«an&jii--»« 

ffiy-XfHtti, -ta)K-W«S!5F>E«l«coaB^e>ia: 
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EL 

HU>^M I S F E To 

[§S*JS 9 ] !B-*mS! K k-f >KU7 HB«*^*B« 
ittttJBrt* & £ C i it 1 ^ L 4 ^ 

-rn^(cfs®(7)*aE^hu>5 i M isfet. 30 

UZZ. Steals 8 (D^-rtifrlzfc 

m<Dmmbu>^u isfet. 

£ztf&Mw\z£ 0 »jarr § z. t&ftWLt-?z> mittm 9 ^ 
mm.(Dmmhu>^u 1 sFET©Bjfi*& 

h V >^M I S F E TOSlig^tto 
[^<&l?¥Jffl&ittHjj] 

[0 0 0 1 ] 

U>^*Wr^S5Kff, <£:*>mffi<£l5ESM I S FET 
[0 0 0 2] 

[?E*OtttS] MI SFETO-Ot?»^7-MOS 50 



4 

FET (^S~K{tSg-#aSft|»ii(Dm^mK^>> ? 

«*tcami 2*1x430, ifi^*aoh u^s^rr** 

[0 0 0 3] H7 (a) CifMOSFETOIM 
HSr^T. iliMOSFETWfir^TSoT, ^1 
RMOSFETH £0)J:3fc-fe;H&E£, SiOilL 

*BO*##*^Ttt, LXBffi 

^>o HKAUX, n+-tf^7hl/-h7 0 1±CnXlf 
^*->tJH^6ft*n HK>K'J7h(Si7 0 2 $ 

an ufc^swtaso^Bjiicajiwtc p ^-*«« 7 

85«Cn+ y— *««7 0 4)d«$nT^-5. n+ y— 
7 04tnHK>HU7 h^^c 7 0 2 <7>Sffi& 

tBat^SE^n&p^— .xffl«7 o 3 0$iB±i:y- h 

KftJBl7 0 6£:frLxy-bfHl7 0 7*Wt6ft, n 

♦ y-x«i«7 0 4 chp^-xm^7 0 3 

»t*V-^ti7 0 8*, n+ -fry* hi/- h 7 0 1 

^)Sii:ttKK>tg7 o 9rt^n^aKttS*rO> 

C0SfW-hl®7 0 7*CjE^«EE3&*B3»PS 
ft*ty- hm<S7 0 7ET©p^- X6I«7 0 3tf>3t 
SJf ^n^lCJ^i&U n+ V-XM7 0 4tnh'K 

>HU7 h«« 702 £t&raa*s*ii-r*. -jj^yvtm 

^-X««7 0 3«S*CRIE^^*;PJittJBJ5E$n«t 
Lfc^T, p^-XS^7 0 3 - nKK>H'J 

[0 0 0 4] /t»7— MOSFETte0fC7KT#ISfi£:S# 

L/T, fi*>J£*ft*3£KbX^*. /^-MOSFET 
Oftggcofg^tUT, *41BB*afc0fl!)*>a»i (Ron* 
A) <fc»BEfl«*9. »EE-5£<D»^. Ron*A 0f<h2»S£ 
9 t yyU--fX*«^a<ft0 i Ufc*«oXffi=i*hT«i6 

[0 0 0 5] i7 (b) \tm7 (a) 0/^9-MOSF 
ETO^->fStr[^rtER$^-riftB^iaT$>^o 

V-X1I7 0 8 t n* V-7«8 7 0 4 t©IBI© 
tZMiSifi (Rent) . y-httS7 0 7iKT0p^— Xtttt 
7 o 3©5SiSii:«iiSftfcft*Woft*JH£R 
(Rch) , ^SIHCcfco T«8EfflK^»5«> €>ti^> £ <h tc <t ^> 
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i FETSt* (Rjfet) HU-f >KU7HB«7 

0 2F*gT^ffi^i(Rdrift)0?PT«J5E$n^o 
. [0 0 0 6] mz'i nKK> F U 7 bm& 7 0 2 0>\t 
ffiiMsitfffSttBffii H'J7 h««©ffiJR (Rdrift) £ 
««S1S4/17^-?TW. 07 (a) IC^rTJ&ig 
T«> m=£ommtry7,\z&K)SLmt&n F W>H»J7 

h««7 0 2©Jt«ttt»S*«*** A. S. G 

rove : Physics and Technology of Semiconductor Devi 
ces, John Wiley A Sons p. I97. Fig. 6. 3l#BB] . 9t 

6 0V^77XT«nFl/-f>FU7hiS7 0 2 10 
(^JtffiJattO. 8Q'cm, f$«6. 5 umtM, 
Bffi*«»«*SanXt:^*->ir;UJIJ»a (We 

f f) ttfi6Mmt*S. ^BflEttSS^IftOp^- 
XS®7 0 3-nKK>KU7 hm^7 0 2 - n+ it 

h u~ h 7 o i v>y^ f^be^e^-hsu 

[0 0 0 7] #:fc:B 8(a) tCfi£jfcCDSij£)MO S F E T 
<7)SaRWfBBBI**t" . B7 fcH«fcB8ttMOSFET 

8 0 l±l:n KK>F'J7h«« ( n X tf^^i>r ;U 20 

H) 8 o 2&mmvtz¥m&&fao)m.mmizv>^-7sm 

8 0 B fim&tc tl. f©p^-Xl8 0 3©8i^n 
HH>H'J7 h®«8 0 2tc3tT*FU>9 i 8 0 9^ 
MSnt^S. p^-X!8 0 3©SBI(D-SH:n 
+ V — X««8 0 4tf»SShT^*, h^>f 805 

BO^igCH y- hltftR8 0 6 t^uty- hti 
8 0 6#K#£n, n+ V-XS«8 0 4i:p^-XM 
t£8 0 3 <h(7)^ffi±{C*atClffiMf 0 8 

*»\ n + * ^ hl/^ h 8 0 1 ©BBCIS H P^f >«i 

8 0 9mfn^te.nti/^o so 
m^s o 7 izmonjz&mnznz ty- hmffis o 7 

V — *««8 0 4tnHK>KU7 h^«8 0 2 

L/#^«t«JE£tTT*0. p^-*/f 8 0 32tc&{C^£ 

0 3-n HK>KU7H«8 0 2 H(0 p n &^<£>Pi 

[0 0 0 8] i8 (b) teB8 (a) (^)A7-MOSF 
ET<D^>ffitniCOrtlRS:Srift*BITft*. *>ffi£t 40 
te* V-X«ff 8 0 8 tn+ 7-X««8 0 4 i©B© 
SHttffiia {Ren 0 . y-F«ffi8 0 7 lC*ffSj"r5 P^-* 

tSta (Rch) , *J:tfnKK>K , J7HS«7 0 2rtT 
c7)ffifix(Rdrift)cofnT^J5E^n^o i8^)MOSFET 
■CttM/>f8 0 5**U 0 7(A?g~oft*#J£:lt3& 
LT. Rjfet 3&«Sftb*^» t tt*>ffittto&«I«i:fc 
<*>«, 0 7^-<Dtie*W«Cit^ ^r*JHHttrt* 
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[0 0 0 9 ] 6 0 V^XTteB8<Z>Sg-<£ft* 

«B«n K K > K 'J 7 h«« 8 0 2 OitttttttO . 8 

£||5;&x£:**->^>)UJf (We f f) ll»6/imT* 

[0 0 10] 

HtfcSfcffi/hU -tOtt*. Rent, Rch, Rjfet tt, 3g 

-MOSFETlC^Ttt, ^>ffitn (Ron*A) tel. 5 
mQ'cm2 t, C©3ftn HK >HU7hff4t7 0 
2©fita^tt*SJ3»<Z)lTjKjO. 5mQ-cm2 T* 
*. L^U RdriftlcKLTH, ffi^jR^flljasto 

[0 0 11] S&, 0 8CD^-Ofi£*^JCO«igT«, * 
>ffitfi{Ron*A) tel. OmQ- crnZTSO, 
nHl/-f>HU7HB«8 0 2Oj£{S» (Rdrift) te&j 
2»«)lTfiO. 5mQ*cm2 TW, ^SSCft 

K'J7HW©fifit» (Rdrift) tefi«T*ft(r*Ci«c 

[0 0 12] £t±©HHlcB^*«^©B»tt, *>ffi 
W:WK'J7 hM«0ffila» (Rdrift) OE^/^ 
7-MOSFET*8«nctl:»^. 31^* 

[0 0 13] 

JEW*. »-»*ffl*##±^JBz:««ffl^>«4(i!Ji*» 

mm<D-mzBf&2ntzm-mmmv-zm®£> w,- 
mmm^-7,mm<Dm&%iffi±.\z / f- bmtm^vx 

fffTSUKS! M I S F ET(c43l*T\ M/>f 

tfJR^BEE t II Hf» L < & £ ^F^E^SS <fc 0 MM 
g<7)Sf§-a||®^ F l"f > F 'J 7 F«tt*:*rr**>(0fc'r 
5. 

[0014] MAH g-#ti^»^Sffi±i:M 
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7 

. mv-v^ >HU7 hmm,£. bu>^(Dp^mizmm^rz 
w,-mn,m'<-xm<D&mztt\»\\sT>f- bmrnm^-k 

VThl<> : ?nizWLrtz>ntz¥-hQW.t, bu>^m 

m®. <d m m t f^-mmm^- x m © & mm & as t \z # m 
izim?zv-7.n®t. &-mnm¥m&<Dmmzm 
f&-tz> b^-ommt^-r^mmbuy^u i sfe 
t-^, ?£~mnm¥mftMm<DWiw±.izMi$.2t\rzn=. 

®v$nrz&-mw.m*m<*mmzm?z> bvyj-iz, 
-e© v uyj-nrnzmmi-tz^—mmm^w^mtD^m 
miz&tif£tijz&-mmmmmmt$i.t, f^—mmm^m 
W)®o>mmMtm-mnmMmmi§.<Dmm®<D-mzt) 

mmzm^nrzf^=.mmm^-7.m^mm±^zy- b 
mmwi&frLTMf&zntztr-hnmt. i-iisv 

iz&miz&f&-rz>v-xnmt. ^-smM¥^s« 
©gsic&tt-r* bu-ommt. bi->^m<o^<Di& 
owftZ3Em-rz>mitmt%m-tzffim b vyj-u i s 

m<D±\zBf&2tifzm-mnmTi&y>mt. -^©sfi— # 

izmi&znrzm-mnmv-xmwt. m-^m^v- 

nfc&-mn%i'<-7.mt$.<Dmw±iz'r- bt&mmz-ft 

[0 0 15] M-#«S¥««:±lcm-iSmS!T 

m^mmzm-rz bu>?t. Hkzntzmi&<D±.mzM 
i$.2titzf£-mm®^-7>m®.t, tcDm—mmm^- 
xm®<Dmffim<o-mzMf&2ntzm-mnmv-7>i% 
m-mmm^-7,mm<^mtamm±\zy-bmt 
m&fr\sTW>v<ifttz>f-bnmt. m-mmmv-x 
t&^mmm^-xmt&ommzxm \zmm-?z> v 
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>m4S££*-f 5ia®hU>^M I S FETlC&l^T, 

\stz®£<D&{knE.tfm=?w&.Lmimi,<uz>^i&%> 

[0 0 16] «BJA«. m-^«s^«tw^ti±(c^ 

u>?-t, ^(Db^y^m^zmaivrzm-mmmb^ 
-f > k u y hm<DTU<Dmwmiz&f&-$t\tz$5—mnm 
mmmmt. bvyj-pmizmt&L.tzm-mnmv-v-i 

>K'JX hJf©±a$©SE<i: KU>5 1 ©^StcSiiibfc 
fg^limSJ^-XJlro^BiKttftLTy- hiS€i&^$: 

rt©*-©fl!l©ai$#£?fc«rt- Z>mtWkt. g-SflV- 

x ««o s m t m=.mmm^.- x je © sib® t ic & 

h u-r >mst?&wT^.ts^ h- P>^M I s F 

ET^. m-#m^¥«»WS®±lC^$nfc^-iS 

wzBi$,2njzm-&mm'<-xmi&t. t<DW,-m^ 
m^-xm&<DiBkffim<D-wzM)iz2tiizf£--mn§iiv 

t\izWi-mmm¥mmzm-?2>bu>^t> t©hu> 
^mizmm L^zm-mmm^mmm^mtammm \zb 
f&ztijzwuzmnmw&mr&iz^ g-mv-xM 

so tm-mnm^&wmizm$.ntzm=.mnm^-xmi$. 
<z>mM±iz<y- hmmm^ft-vxm^nrzY- bmm 

®.<Dmffimthffltizpimz®Mi-rz>v-xmMiz. w,- 
mmm*m{*<Dmw\ztmrz> bi^onmt* hu> 

vy^ui s f e t. Wi-mmm^mfcoigm 
±izm^nrz^-mmm^^m ^o'm-mm.m 

mmt> *<nm=mnm^-xmw<»&mm(D-wizM 
io tfLznrzm-mmmv-xmi&iz. *v>%i-mmmv- 
x mm © n m *> e. is: it n tz m - w m m # « ic m ? z> 
bu>?t> t<Dbu>^mtzmmvrzf^-mmm^ 
M®mo&wmizMi$.2titzm=.mnmmmM®t> m, 
-mnmv-zm®tm-mnm*mv>>mizm$.titz& 
- *«s^-xm^©Sie±icy- bi&mm&ftVTM 
fczt\tz7-bn®i:* buy^-nm\zm\h\^it^-m 
mm*- x m«©^s*i«fc urn- mmm v -x mos 

50 5 H V"f >tlt*tti.8tl K U>f M I S F 
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SM/>fMI SFET©8i8*ftttTH bU>^ 

^mmmmcDm-mmm k w > k u 7 h««rtfr>«u 

CO 0 1 8] 

H««45J:tfSB-»«ffl«i«fca22li3ft«*»LT, CCD 
fMI SFETttSC^itn. 

[0019] hu>^(DWJs^ffiB«^ m-^m 20 
mim u < ^^^»e#jj§s^ 0 is^F^mm t-r % z. 1 

If hl/>^MI SFETtmt^ttS. 
[0 0 2 0] HK>KU7hg«^JSilHI:t 30 

[0 0 2 1 ] ftT, ±l2C0ct^^M h U>^M I S 
FETOKjfi^ifetLTfcL hU>5fl*lMg^B/l£>?fl- 
illKK>HU7hS«*Nl »-*«Sffl«ll« 

«to»*rn«, 

[0 0 2 2] 

■ptiT8¥b<BiWT§o c;iTteSITWJE6 0 VOMO 
S F E T<0«££«lcK9rr*rt*. *BHtt*^»flE 3 
0 - 1 2 0 0 V, ffi^mSit 1-10 0 Agg<D/17-M 
OS FET^CfeSfflT^^o 

[0 0 2 3] HI \z*&wv>&--<Dnmm<DM%iMo s 

FET(OR»©V-X«ffft»5SbfcttJ8TO»«l»ffi 

H£*-r<, ::th hu>^©*»ft*tr»tt-fcJW«: 50 
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[0 0 2 4] HI tC:fel>T. JtStalmQ • cm<Dn + 
^yxhlz-MOliC, itSiSO. 8Q-cm.il 
$ (ta) 8 MmOpS^«fti 1 1 1 saJBb&xK 
^ + v^;US«c<0«M^, SI^WS3. 5X1 
0ttcm-3, i£S^$ (te) 3. 0 umCDp^-Xfig 

S2. 0 X 1 0 20 C m-3, J£»»S (tg) 0. 5/im 
C0n+ y-X««l 0 4«$tlT^i), ^COXtf^ 
^5>r;i/3t£<E>3tffi£>£, ffi (2Xtc) ljurru 
(tb) 9/im(^)hl/>?10 5«$n, hl/>^ 

105 (Dftwizte. mw^mmmm 1 . 1 x 1 o " c m 

-3, t£««S£ (td) 0. 3 umCOn KK> K'J7 h 

o 2«$nri^. h 105 cop^gRtc 

H i$ (t f) 2. 5 um(D^^5^-CWl 1 2 

1 0 6^ltp^-7S^l 0 3<7)®J"lStC*ffp]L/T^ 
y— h«ffil 0 7<D±\Z\t* CVD&ffcUl 1 2& 

sson+ y-x««i o 4*«»]«anTif»tt^»»»«c 
®iss<^p+ h«a*i i otmf&zti* n 

+ y— 04ip + zi>?? hMbXl I o 

ffitc*atcj««-r*y-x«si o 87&<R^e»n, — # 

n+ ityx hU— h 1 0 l©IBi:ttHK>til 0 
9«tbntt^, A-BJ»tC-Dj»<fcom^SEHt 
(T) te, I0MOSFET(DMt;KDA-7h , 75 L 

[0 0 2 5] B 1 0S-©^»W©MO S F ETTtt, 

vvi >mm 9 1 y-xtfi 8 HtcsJE^epsp snx^ 
Bijwsn^t, y— h««i o 7 tcffibfcp^— 

1 0 a^HJitCnS^SfteUfc^^*;^^*. HI/ 

-f >aai o 9ty-x««i o stvm&mmftBt. 

ttl 0 4— ?-ir*;U— n KH>FU7 hfil^ 1 0 2 — 
n+ ij-yx hU-h 1 0 1 i»nHK>til 0 91: 

[0 0 2 6] *7tt»TBp^-7«810 3/ 
nKK>FU7 hm*£ 1 0 2 BH* nHK>H'J7h 
««10 2/pSTI8«illllB, ftcfctfpSWK* 
SI 1 \/n* Ityx hU— h 1 0 lBOpnit^S 
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• , J7h«Wti0 2, pfiT««iiiil:$2li*J*« 

tdiJi^thBlifnfeO. 1 — 2. 0/im(D<iT+ 
:ixy M^icon FK>HU7hMl 0 2co^->j£tfi 

[0027] b 1 ©jB-ososflu &£ifm 

7, B 8 <DftJk<D&MMO S FETICH H"E\ *fi^L— 10 

Ttt. tif nfc#ttazy HftCDn B H K > H U 7 h 

nI^^>tiH©nFK>FU7 
h«I^7 0 2, 8 0 20>JtStft**O. 8Q- cm(Da^ 
1. 4X10i2cm-2tS:5. cn(l^>}Sfet{C^@T 
StO. 4 8mQ« cm2 i&S. 
&Z>W,— <D^Mm-C\Z, nKK>HU7hSai0 2 
(BflWttl. 6 x l 0«cm-2T*0, d©»«<0JfiJ2ri 
fit (Rdrift) £391 2%fi«TtO. 4 3mQ-cm2 

[0 0 2 8] ££>tC, hl/>^(i (2 X t c) *5«fctfA 

-7K^f (t> *&mr%m®i\:*ftoM&> ttmw 

TOK'J7ha«OfiJS (Rdrift) ©fc«ttJB«rr*fc 

«7&*nJteife*. M*tf, hU->^«H (2Xtc) * 
0. 5 Mm, *?t:yf" (T) Sri. 5Mm<i:-f5<h, 
nKH>HU7MB«10 2Otffiflil. 6X1 012 

«^iB*o&», nKH>K , J7h(Ml0 2Ofitt 
(Rdrift) BfiMUO. 3 2mQ-cm2 CCD 30 

[0029] *&, iaflMStticHu ft&m<o F m > 

K'J 7 h««OJtfiSttt0. 8Q»cmW0:n^ 
SMi^JiS^ff-r^t 7. 0 x 1 Oi5cm-3i&*. C 

14. 5feJCifi'<fcJ:'5»C»l 0«a±t«CO, 10i7cm 

^**»#0*>»tt©a**tt**/h*^z:if4tt6tl 

JB«rT#*. H 8 »C«Ta*«IJB©« : FT»4, ffiHK» 
11 5 OtT* 2. 2«lCfc*3>IC#U * 

[0 0 3 0] W— 0*>»triS*a-r*»^ SE 
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9 (a) UKL (c) *5ci:tfBl0 (a) (c) 
izm 1 <B3I««G>«3! H/>fMO S F ET0SJ 

jfi*ffi*Kwr*fc«)oxaiBowfffiBis«-r. Jtatft 

lmQ • cm©n+^hl/- hi 0 l±tCj±}£trC 
0. 8Q • cm^pMfti 1 1 1 £J¥£ 8 um ( t 
a) Xtf^S/WWMfcSI**. S 6 K&fcfll 9 0 1 * 
#J«U 7*hl/y7h9 0 2SMLT. hl/>f 1 

S<hRSS£e&E£;tf;*S:JBt,i, RIE (JSA>tt<*>X 
y^>if) ttlCiD, S;£ttx^>^£fir^hU>? 1 

$9am (tb) , Hi Mm (2 t c) T&S [0 9 

(a) ] o 

[0031] z<d'&, m.m^^>9 o 3^wt>a 

A<fc, RffllSfT^n K K > K U 7 h«« 1 0 2 
/STS [RIB (b) ] o COffiffc/f tf)^£te0. 3 /xm 

( t d) , mmmmtei . lxio^cm^n. * 

KM/EC VD&Kcfc 9, *sVn>&itm*mfeVT, h 
U>f 10 5£»{fcBtl 1 2T5feJ»L 5 Fffiflrr*. CO 
mSSBl 1 5©±SB^&*93RO-f *>aA^«t:0 p 
0 3£ffi««ES (te) 2amtft4i5 

\zMf&-rz> mm (o ] 0 ss7ic«iHff»»3. s 

X 1 0 l7 C m-3T$>£o 

[0032] S^Khl^^lOS ft omtm 112$ 
2. 5Mm£)S£2 (t f) ^TX7f>^l, P^— X 
ttttl 0 3<Z>M&Sa£8tUU IRttftffitiOy-K 
KfbJRl 0 6£rJ¥£ 5 0 nmMt^c «c^T«EECV 

1 1 2±lC3fc«U rt?——>if&j:ZfX.yf'>{ftZl: 
0$r*-h««l 0 7*»jST* [B10 (a) ] o CO 

y- h«<gi o 7 ttett««(Bfl>8BT, Bftnny hra 

[0 0 3 3] ^ICfigBl 1 5<7}±3tffi^£ffl;£-< :*><£> 
ftA^cfc^jaiitC^ 0 n+ 7 — *«« 1 0 4 £fl2J5£T 

So cottitwioss (tg) rao. 5 um, &mmm 

14 2. 0 X 1 0 20 C m-3T£>£o &*5, n+7— XflS« 

i o 4 (dt<a p i o 3 (Dm&mmmmz 3 . 

0 X 1 0 i7cm-3-c&£o ^V>M&T\ MOSFET<£> 
L*^ffl«JB&*&*0, ±(0«<&»£l4U*^«tf4» 1 

tln+ V— X«« 1 0 4<Z)#»fi£«««:Ktt. B^^tl 
T^/il^CC«Cp+ 3>5^ h««Sr?gj«-r* [HB 

(b) ] o 

[0 0 3 4] &IC*6B$U 1 3 «rJ^J5JEU. 3>^^h® 

MttfcfTK v-^iii0 8^MiTn^;-x® 

«1 0 4^ck(^p+ zi>^^7 hm^l 1 OtOttttSi 
9*»«b^x/MiS«7t4 [RH (c) ] o B2 



(8) 



2 2 7 3 5 
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. [0 0 3 5] 0 2it*5!^O^-<D||JS«<7)MOSFE 
O^JTte, n+ityxM/-h2 0 1±C, pffi¥8l# 

jB£bfcxfcf^^i/^;i/Sffiiw, *B*6M/>5 1 2 0 5 
SrJgJiEU * © hi/ >f 2 0 5 Ortgtilt****^ * 
>SAl, »ffllLTnKK>HU7h««2 0 2S 

L, hl/>?2 0 5(B«J«T»ofcaW2 1 5tf)±^® 
J1K1, hl/>5 1 2 0 5 0>*rt>S4>U»l,TUrt>fcn 
<>H'J7 h<B«2 0 2 (Cfti**«J;5k:* SKMCp^ 
-X««2 0 3£»jflcU fC0p^-XW2 0 3OS 
BBUKlny— 7{9«2 0 4*«»J*atlT^*. ny— X 
ffitt2 0 4tnHW>FU7 h«S*£2 0 2 
p ^-X®*S 2 0 3 <D&m±lZY- bffitm 2 0 6^ 

l/TWSiv'U 3>*6a*y- ht!2 0 7tm\t*> 

2 0 4**JgJSEatlT^^^SR»*Ctt, SS«gE<&P + =3 > 
^ F««2 1 0 n+V-Xfi«2 0 4i: 

p+ n>9>? h®«c2 l O£<0SBK#»k:ttttT£>y 

— x«ffia*sa#en, n+it^xFi/— F2 o icd^s 

C-D^<h(DrBlC0Sg@| (T) \*. CMOSFETO* 
fiir;Koy\— :7t!y^T&9. 0HAWC2 umT*£o F 
l/>f2 0 5rt^ttKfklK2 1 ^<^±tCEl 
Ocfc^tcy— F«ffi2 0 7 tgStSCt'bTt^. 
[0 0 3 6] CCQ^ziO|ISS#iJ^^5L>Tfe, St^WffiJ: 
0fi^KTnFK>HU7hi«2 0 2, p ffl^M 

%oM2 1 1 tc3E£jsa**5«s-r*o c<&phh«g>je • ao> 

«>, 1 0 i7cm-3JK±<DiBjBa[tcK3£bT'b^S{t , r* 

lS»ffiSrl6»bo^, :^fi^-'; F 
fiOn HW>H'J7 FfiS*£2 0 2 >^ftt^{g;MT 

^Ctttf^iTfca^. l^fey-M®2 0 7 
a<FU>^2 0 5rtTtt»<, HrSB2 1 5 <£>^S±lC!S: 

icy— h«&2 0 7^, M/>f 2 0 5 t p^SiS 
2 0 3fB<Bn HK>HU7 h««<0±lCST?iitJfT^ 
*<b> «EEH3SDB*tC7^-;i/FyU-h^l»JC<kO, £ 

B 3 K*56W<&SH<0SI1S«<BMO S F E TORBSWffi 
^$r^"To CCDflSJTtt, n+-thyxhl/-h3 0 1± 
tC, pS¥#»:Ii5«t^nS^I*Xt:^*yt^ 
ISSLT, pS^I3 1 lfeJ:t;nS?ffiftI3 1 
4*»J5EUfcxt;^*v^;i/S*<Z)*ffi)B^, MtRWK 
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P^-X«S«S3 0 3^Ml, -e<Dp^-X?g*£3 0 3 
OD*BBJiJCn+ y-X««3 0 4*«»J5K$*IT^«. n 
♦ y— X««3 0 4tf)SE^£n* if^X FU— F 3 0 
ll:mhl/>f 3 0 5^Ml, ^OhU>f30 

n K H > H »J 7 HBSt 3 0 2 SfgfiJLtt^. n+ y 
-X®i£ 3 0 4 £ n S?Nttf 3 1 4 ICS**!*: p ^— 

x®is3 o 3<omm±\zy-bmitm3 o 6^it^ 

ttftS/'Jn^S&ay-- bMM3 0 7^Sfrt«6nT^ 
10 hl/>? 3 0 5 6rtS«cSttSbfcn+ y-X«gi£3 

0 4ip^-X(B*3 0 3<D^S(C*iiiClg«-r^y- 
X«*I3 0 8*<RttS*U n+ityxhl^-h301© 
ISi:ttKK>ffi3 0 9t>mtt*>tlT^2>. F 
«I3 0 7(0±»i3«fctfMffittP SG 3 1 3 

Tffifcn, y-xtitftasntv^, A-B«ic 

-DUiiODMOEBItt* C<DMOSFETO»ttt;KD 

0 5rtJcttBe{bR3 i 2^«snxi^. 

[0 0 3 7] £<0SH<BfliSMK:fc^T'b, JR^RffiJ: 
20 0iS^«JETn HH >FU7 F«tt3 0 2. pSPFffi 
feU 3 11 fcffi2»^«TS. C(DMm^(7)iE - fttf) 

MfS^<Z>J5£ t d43J:tf t h te^Tn*>+#»^fc 
£>, n FU-f>F'J "7 FM^3 0 2 ^: 1 Oi7cm-3j^± 

dc^mfi^x^ Fl*)CDn HH>H'J7 
F««c3 0 2(Dt>ffiS^fiST'f^. 
[0 0 3 8] S3CD^Hc^^lSg^JT^> y-Xt!3 0 
8 0)n7-X»3 0 4"s<DgM#F U>5 1 3 0 5<£>f*! 

£>£o SCD<fc<5t::y-F««3 0 7#, p^-x 

ffi«K2 0 3lCtt*ftfcn HK/FU7 F$S«3 0 2 <7) 

-;WF^U-F3»*(CcfcO, ££JB<0l£**O*iETG> 

[0 0 3 9] 14 \Z*5£W<Dmm<D^1&m<Z>MO S F E 
T(^Sg|5<7)y-XS«i^l^*bfc^«K®ll : £:^*ro d 
CDWITte, n+ it^X FU — K4 0 1 ±tC, nS*W 
i*xt!? + yt^SfiUT, nFH>HU7HS« 
40 4 0 2 tlt^S, nh'H>F'J7hS«4 0 2©g 
ffilf Kip'*— Xffi«4 0 3, *C75«BSJ1^>— »JCn*y 

-^4 0 4«$nTt^o n+y-xeg*£4 0 

4 <7)^®^ ^>n+tf'7'XFI/-F401 KiTT -5 F U > 
f4 0 5^ML, f(Dhl/>f 4 0 5<^rtil(7)TgRtC 

^^^^*4«>-r^>ttAL. j»jaauTp«a»«4 i 

e^r^LT^^o Fl/>?4 0 5<^rtgPtC^, J£®^ 
6«tfp«B««4 1 6©±*08RS*T*T«ft:B!4 

1 2^«Sft, *0)±8BJCJ4. ^y'J3>^eitt 
^y-MS4 0 7^$,^T, »$5 0nm£Oy- FK 

50 ftB^ 4 0 6^lTp ^-xm^c 4 0 3 (DMM tC^f^] L 
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*T^a. y-h®S4 o 7<d±\z\*. mtm* 1 

tt, »««©p+ 3>^^ h««4 1 0^*fiK^n, n 
+ V— X««4 0 4 <hp+ 3>*^ hiS84 1 0 t<D& 

'Hffc*a^*jB-r*y-x««*«»^tsn, n 

hl/-H4 0 10lffli:ttHK>«i4 0 9a*Rl*S 
ntt^. A-B«tC-D»i©IH^)E«H4» 
OSFET(Z)*et;KDA-7t:7fTfeD, 0J*-tf2 
MmTJil). 

[0 0 4 0] ^^Siig^llSB^JfC^ViT^, ^-TBEEct 
0 fi^lET n H K > H 'J 7 h «« 4 0 2 , pfflSS^B 

84 l 6(c^2:S^«"r^o ::<7)ia3SI8<z>IE • m.<om 

ft, 1 Oi7cm-3£t±oifi5«K«CRffiUTfcffi£fl:T* 

rtOn HK>HU7hS«4 0 2 <B*>Jgia*ffi«T 

[0 0 4 1 ] 05 £*fS93<B»E<0*««OMO S F E 

O^JTti, n+ V77s 5 0 l±fc. nSMNBtt 

5 0 2 £ LT^3o nh'H> F V<i >«« 5 0 2 OS 
ffi^&n+*7XM/-h50 1 hl/>f 5 0 

5«r«J5EU -tG) hU>f 5 0 5 0rtli:^9i^ 
-ft>aAb> J»iffi3LTp«K««5 1 6^MIT 
t^. fit, hl/>f 5 0 5(DMT'Sof:m5 
15 0±iffiIC, pffllffi«R«5 1 6^6'>Lf§tLT, 
S#WKp^— X««5 0 3#»J«3n* ^P^-X 
6S8 5 0 3<B«i5JB<&— ffi£n + V-^S«5 0 4#» 
J5fc£*lT^£>. n* V-7(fi85 04tnHK>KU 
7 MH«5 0 2 l£«ESftfcp^-X««5 0 3 (£>S®i: 
tiy— bSHtfKS 0 6 ^lT*8fl->U3>^645 
y-hll5 0 7»t^ntt^c p^-Xffi«5 0 
3£>3|®tf)n + V— X««5 0 4**»J«SftT^fcir>IB 
#tcte, iSi8K<Op + 3>*^ M88 5 1 OjWWJES 

*u n+ y-*xia5 0 4<hp+ n>^^hi^5 i o 

it^X h U- h 5 0 1 OBffitctt H U-f >mm 5 0 9^ 
RttStlTH*. A-B»£C-D»i<&ra<BffiBt«;. 
COMOS F E T ©ittt A - 7 K y f T* 0 . #J 
X.tf2MinTfe^)o hl/>^5 0 5rt£tt&flsR5 1 2 

[0 0 4 2] ceoJSEOfclSWwfc^Tfc, «Mffi<k 
DiVJtETnHK>HU7hi*B0 2 i pfflSiH 
8516 KfflSJi3ft«*«T«. Z<Dffim*$L<DiE • ^(DH 
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ft, 1 Oi7 C m-3JEt±a)ffiaiKJCK)eLTt)S^tT# 
F*)<7)n HK>KU7M«5 0 2 (B:*>Strt«:<£«T 
[0 0 4 3] 06 tC*^0JCDm/sCD|ISS0tjcDMO S F E 

T, nHK>H , J7KS«6 0 2tLT^, f<Dn 
K K> H U 7 h(B« 6 0 2 ©SiBll:, IRWCp^ 
10 — Xffl«6 0 3 «:flM8U -tfl) p ^— X«« 6 0 3 V>m 
mm\Zn+ V— X««6 0 4*JWSftT^S. n+ V 
-718 6 0 4©SB*6n + it^X hU-h601C 
It§M/>f6 0 5^ffML, f<Z)hl/>f 6 0 5O 
rtI(:^-)i^4Wt>aAl, iMILTplllS 
86 16«$nw?>. n+ V-7(S86 0 4tn 

hw>fu7 bmm.6 o 2^**nfcp^-x««6 

0 3©Sffi±Jcy— hHftM6 0 6^LT*8SyU 

>^6 0 5C0rtSJCSmUfcn+ V-XS8 6 0 4 £ p 
20 ^-X18 6 0 3 <&«ffi V-Xtffi 6 
0 8*<RttS*U n+ it^X hi/— h 6 0 1 OKSJdte 
HH>«I6 0 9*Wt6nt^5. hl/>f 605 
1*1 tC »Kf CJR 6 1 3a*3fc«a*lTHS. A-B3g<hC- 
DH£CDra<7)IEffil«, IMOSFETMIiti^A 

[0 0 4 4] £©*A©*»W;:;&^Tt>. SS^HflEct 
0fi^«ETnKK>HU7h«86 0 2, pflfIB 
86 1 6 IC^B^SST*. COr^M8(OIE • ft<7)@ 

30 £ e pj1S8tf>JP2 t d43cfctf t htt^tnt)t»il^ 
ft, n KH>K'J7 h*g8 6 0 2£ 1 0 17 C m~m± 

[0 0 4 5] m 6 <DWi?s<D'gkm&}T~te. V~XmiS6 0 
8<£>n + 7-XS86 0 4 ^<Bttflto&< h 1/ >^ 6 0 5 CO 

rtBTttsntv^©?, ft«^^-^i§ftbn^>«ii 

IT, h l/>f ©rtfflffii:»«T-5 n H U-f > H U 7 K 
[0 04 6] ft*3, d tl £ *0<a^j&S#JT¥«#ffi8<7> 

mmiz* mtmizmzuwc* mi sy-MHiss* 

50 f^MI SFETJCfe, **Wtt5BfflT#*. 



(10) 
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' [0 0 4 7] 

^-«m^ K U< > P 'J 7 MH«*cttf»— 

LT. d ©H(S«© jE ■ ft<BBJe«ffiW< 

[0 0 4 8] S&tt, h W>5 1 ^ffl(lil^ffiS(C. SSn» 

b < 4ST««M«t o k**e4&sse £? Z> Z. t 

JBShU^M I SFETtt4^t*"C«. 
[0 0 4 9] ®FK>F'J7 MH««:K»«flrr*£ 

r^o cots*. **M*«M»b, x-f yy>^a* 30 
[ooso] ffim-©*>»ttt*«-r*4fr&. seaic 

[01] *:^^m-<D^SE^JO^SIhl/>^MOSFE 

T(DK«tt««iBBI 
[0 2] *«M«zi(0||JiS«(0KShU>^MOSFE 

[0 3] ^XnXHOXltfl^ltS h !/>f MO S F E 40 
T£>ggSKS0 

[04] ^mm^m<D^mm(ommhu>^uosFE 

[0 5] *%Bj^HcD^JS^J08f^hl/>^MOSFE 
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[0 6] *^^^7 , x(Z)^Jg0ijOjSESihU>^MOSFE 

[0 7] (a) »4tE*0«fiMOSFETOWffiH. 
(b) (a) (DMOS FETlC:fc#£*>&^<2rtlR 
£)I»BJ!0 

[08] (a) tt«*0«aH/>fMOSFETOi 
ffi0, (b) 12 (a) COMOS FETtC*tj-^5j->fi$i 

9] (a) (c) ttH 1 (0*— ©*JS«(7)« 

h 1/ >f-MO S F E T RMtS fc»©I 

[010] (a) &l»L (c) ttB9K:8fc<B10>3B— 
©3IJS«<0«ES! h l/>fMO S F ETCDSii§XgHico»f 

101> 201, 301, 401, 501, 601 

7 0 1, 8 0 1 n + Ij-^X h b 

102, 202, 302, 402, 502, 602 
7 0 2, 8 0 2 nHK>H»J7hM 

103, 203, 303, 403, 503, 603 
7 0 3, 8 0 3 p^-Xi 

1 0 4, 2 04, 3 0 4, 4 0 4, 5 0 4, 6 0 4 

7 0 4,8 04 n+ V— XfH« 

105, 205, 305, 405, 505, 605 

8 0 5 h \s>9- 

106, 206, 306, 406, 506, 606 
7 0 6, 8 0 6 y— b&ffcJgl 

107, 207, 307, 407, 507, 607 

707, 8 0 7 y— hid 

308, 608, 708, 808 V-Xig 

1 0 9, 2 0 9, 3 0 9, 4 0 9, 5 0 9, 6 0 9 

7 0 9, 8 0 9 HK>SS 

110, 210, 410, 510 

111, 211, 311 pS«t»i 

112, 212, 312, 412, 512, 612 &it 



113, 213, 313, 413, 513, 613 

813 t&mm 

414, 514, 614 nSRWftll 

115, 215, 315, 415, 515, 615 

4 16, 5 16, 6 16 p®MM& 

9 o i mtm 

9 0 2 7* V Vi/Ts Y 

903 



(11) 



*#B3¥8- 2 2 2 7 3 



[01] [H2] 
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308 y-x*ffi 




[0 6] 
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9 

[0 5] [|g 7 ] 
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(h) 





[09] 

f- 9oi m<tm 



p 



■105 hU>f- 
101 II* If^X hb- h 



903 



(b) 



♦ . 

. . . v* 

il 5f it i 



102 n KU^V 
KU7MM 



112 sku* 



(c) 



s \ 




teP -» 
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• 
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n* 



103 p^-X#« 



(15) 



4#B3 i F8-2 2 2 7 3 5 



[010] 



107 y-K 



liiil 
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JS^O— 104 n* 7-X«* 



IIS feSB 
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109 Kl"f> 



